Introduction
Diesel particulate matter (PM) has very complex ingredient which contains variety of carcinogenic substances. It is of great harm to the environment and human health. Maximum injection pressure of the high pressure common rail direct injection Engine (CRDI) can reach 1800 bars. It causes to adequate fuel atomization, but tend to ultrafine PM. Because both quality and size of PM will be restricted by the emissions regulations in the future, particle size distributions of diesel PM emissions are gaining more and more concern of domestic and foreign researchers [1] .
According to the particulate formation mechanism, the ultrafine particles can generally be divided into two modes: the nucleation mode (diameter<50nm) and the accumulation mode (diameter>50 nm). Based on the sulfur compounds and solid carbon particles which are generated in the combustion, volatile organic compounds adsorb the unburned HC and gather into nucleation mode particles; nucleation mode particles accumulate to accumulation mode particles with diameters between 50 ~ 1000nm [2] [3] [4] as a result of further condensation and adsorption.
Particle size distributions are closely related with the physical and chemical properties of the fuel [5] [6] [7] [8] . In this paper, with the application of the 3090 EEPSTM TSI engine exhaust particle size spectrometer, the test in steady-state conditions on a high pressure common rail, intercooled and turbocharged diesel engine were studied to analyze the influence of different blends of biodiesel on the size distribution of PM emissions. Technical about bio-diesel particulate emission control can be provided by the test.
Apparatus and procedures

Engine to be used
A high-pressure common-rail, intercooled and turbocharged four-cylinder direct injection diesel engine was tested in this study. The engine was designed to meet Euro Ⅲ emission regulations. Its main technical parameters are shown in Table Ⅰ . 
Fuel
The basic fuel used in the test provided by the sample oil center is standard Euro IV 0 #low sulfur diesel and the biodiesel (BTL) is a reconciliation of rapeseed oil methyl ester-based products. Based on 0# diesel, biodiesel blends have different physical and chemical properties. In this paper, biodiesel blends with different proportion of 0%, 10%, 20%, 30%, 60% and 100% will be referred to as B0, B10, B30, B60 and B100. Table Ⅱ shows the main physical and chemical properties of tested fuel. 
Dilution system
A secondary dilution of the exhaust particulate sampling system (showing in Fig 2) is designed to satisfy the experimental research. The axial flow pump provides a stable air flow through an air pipe. The insulated pipe with a valve leads the exhaust into the first level dilution pipe. Dilution ratio stabilizes at 20 or so by adjusting the valve opening displacement. Exhaust diluted at the first stage will be introduced into the secondary dilution system fully. The second stage dilution ratio can be controlled by adjusting its valve opening displacement. In the experiment, the total dilution ratio is obtained by measuring the CO2 concentration in the exhaust pipe and the dilution pipe. Experiments show that the dilution ratios more than 100 satisfy the measurement requirements perfectly. The TSI3090 EEPSTM exhaust particle size analyzer deals with dates for particle size distribution and enables the simultaneous measurement of dilution ratio.
Engine test modes
In the test, we make sure that different fuels used in corresponding test conditions have equal air-fuel ratio, thus the impact of the characteristics of the fuel on the particulate emission can be found. In the test, the engine speed is 1600r/min and air-fuel ratio is 29, 33, 45.5, 63 and 109, corresponding to the engine at 75%, 60%, 40%, 20% and 10% load operation. In order to ensure the accuracy of the results, after switching to another fuel, the engine will run half an hour before data collection. It is also important to lead the exhaust to the dilution pipe before the measurements in order to ensure that the dilution tunnel is saturated. Fig 1 and 2 , respectively, show the contrasts of petroleum diesel and pure biodiesel (BTL) particle size distributions under different load conditions when the engine speed is 1600r/min. For the petroleum diesel, particle number concentrations show single peak distribution curves and the accumulation mode particles dominate. The particle volume concentration, surface area concentration and mass concentration also demonstrate a single peak. Compared with petroleum diesel, BTL fuels significantly reduce the particle size and particle numbers show a bimodal distribution. The peak of nucleation mode is much higher than accumulation mode particles for both fuels. Particle size distributions of the two fuels are significantly different, mainly because biodiesel has a higher oxygen content and cetane number. High cetane number decreases the ignition delay time and the premixed combustion, thus generates more nucleation mode particles are generated in the pre-combustion. The higher oxygen content of the biodiesel optimizes later diffusion combustion process and inhibits the transformation of particles from nucleation mode to accumulation mode.
Experimental results and discussions
Particle size distribution compared between Petroleum diesel and biodiesel (BTL)
Comparisons of particle size distributions about different load conditions show that, for the petroleum diesel, increased load will lead to the increase in particle number concentration and the proportion of smaller diameter particles of nucleation mode decreases. It is more obvious when the load is more than 60%. It is mainly because when the engine is running in low load conditions, combustion conditions inside the cylinder is very poor, such as the extension of ignition delay , too large air-fuel ratio, the low combustion temperature, the increase of unburned HC, thus the nucleation mode particles are hard to gather. Factors above result in the increase of nucleation mode particles. When the engine is running under high load condition, air-fuel ratio becomes small. Certain zoon in the cylinder is prone to have too thick mixed gas, then particles in accumulation mode with less soluble organic fraction generate and peak An Puzun et al. / Procedia Environmental Sciences 11 (2011 ) 1371 -1378 Author name / Procedia Environmental Sciences 00 (2011) 000-000 areas increase rapidly. Distributions of particle volume concentration, particle surface area concentration, particle mass concentration and particle number concentration are consistent with the trends.
For biodiesel, maximum peaks of nucleation mode particles appear in the middle loads. As the loads continue to increase, the peaks decline rapidly and gradually shift to the small particle size. Accumulation mode particles rise with the load increase and the peaks gradually move to large particle size. Under low load conditions, nucleation mode particles are prone to absorb the unburned HC and then accumulate into the accumulation mode, so particles have a lower nucleation mode peak and higher accumulation mode peak under 10% load condition. In 20%-40% load area, cylinder combustion temperature increase and air-fuel ratio decrease, the both improve the combustion enough to reduce the unburned HC. Decrease of the unburned HC inhibits the change from nucleation mode to accumulation mode. When the engine runs in this load area, the peak of nucleation mode increases significantly while the accumulation mode peak slightly increase. In the large load area 60%-75%, as a result of further decrease of the air-fuel ratio and increase of combustion temperature, a large number of nucleation mode particles generate and accumulate into accumulation mode particles rapidly [8] [9] . As shown in the Fig 3 and Fig 4, nucleation mode particles quickly reduce and the peak area shifts to smaller particle size while accumulation mode particles increase and the peak area shifts to large particle size. Particle mass concentration mainly depends on the accumulation mode particles with large sizes, so they have the same trends: the peaks slightly increase under low load conditions while increase significantly and shift to larger particle size under the high load conditions. Fig 3 shows the contrasts of particle size distributions with different biodiesel blends at different load conditions. At low and middle load conditions, particle size distributions gradually transform from the accumulation mode and single peak structure to the bimodal structure with the increase in the proportion of biodiesel. When the proportion of the biodiesel is more than 30%, particles in nucleation mode account for more than 40% of the total particulate numbers. In the mean time, accumulation mode particles decrease and the peak area shifts to the small particle size. Compared with petroleum diesel, biodiesel blends with the proportion of biodiesel less than 60% decrease their total number of particles slightly. At high load conditions, the total number of generated particles decreases and is mainly in accumulation modes while distribution of particle number concentration is a single peak for different biodiesel blends. In all load conditions, the particle volume concentration, surface area concentration and mass concentration distributions show a single peak, the peak region is between 50 ~ 200nm.When the added proportion of biodiesel is more than 60%, the generated particles decrease rapidly.
We found that particle size distribution influenced by the fuel characteristics significantly. At Low load conditions, distribution of particle number concentration for biodiesel is bimodal structure and peak of nucleation mode is far higher than accumulation mode. Particles generated from petroleum diesel which is in accumulation mode shows a single peak and the peak area is larger than the biodiesel. Therefore, when the proportion of biodiesel is small, particle concentration of accumulation mode don't change significantly. When the added proportion of biodiesel is more than 60%, concentrations of accumulation mode particles significantly reduce and the peak area move to the small size while particles in nucleation mode have a big increase. At high load conditions, for biodiesel, more nucleation mode particles change to the accumulation mode particles. The concentration of accumulation mode particles for petroleum diesel is more obvious at high load conditions. Therefore, when the proportion of biodiesel is small, particle size distributions of biodiesel blends are basically the same with the petroleum diesel; when the added proportion is more than 60%, high oxygen content of biodiesel greatly improves the combustion and large size particles in accumulation mode decrease rapidly because of its high oxygen content and cetane number. 
Conclusions
Sizes of vast majority of particulate emissions emitted from high-pressure common rail diesel engine are less than 300nm. For the biodiesel, size distributions of particulate emissions are bimodal structure and small particle sizes in nucleation mode dominate. It accounts for more than 60% of the total number of particles and the peak region is between 5 ~ 20nm while accumulation mode peak area between 30nm ~ 100nm. For petroleum diesel, particulate size distributions show a single peak structure. Accumulation mode particles mostly account for 55% of the total number of particles. The peak area is between 50nm ~ 100nm. Different loads show different particle size distributions. For biodiesel, maximum peak of particle number concentration in nucleation mode appears in the middle load and it decreases sharply with the load increase by shifting to the small particle size. Peaks of particle number concentrations in accumulation mode increase with the load increase and gradually move to large particulate size. It is more obvious when the load is more than 60% and the proportion of small particle size in nucleation mode decreases gradually.
For biodiesel blends, in the low and middle load conditions, with the added increase of the proportion of BTL, particle size distributions change from single peak to double peak structure; the number of particles in nucleation mode increases, particles with its size more than 50nm in accumulation mode decrease and the peak area shifts to the small particle size. In the High load conditions, particle size distributions of all tested fuels are single-peak structure, the peak area is between 50 ~ 70nm and accumulation mode particles dominant.
